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© Modular handpiece. 

© A modular power-driven knife having an annular 
rotary blade, the structure of which knife can be 
varied through choice of standardized, i.e., compati- 
ble, components to accommodate different operators 
and different tasks. The components include plural 
elongated handles to accommodate different sized 
hands; plural headpieces, each having a transmis- 
sion for driving an annular rotary blade and identical 
means by which any of the handles are attachable in 
a first orientation, and each differently constructed to 
support a replaceable blade housing of predeter- 
mined size and construction different from housings 
supported by other headpieces, including a con- 
struction for angling the blade housing and blade 
relative to the extending handle; adjustable thumb 



supporting pieces for the handles; handle adapters 
to reposition the handles; pistol grip handles; drive 
cable casing connectors; and replaceable blade 
housings securable to the headpieces for supporting 
replaceable rotary annular blades. The modular con- 
struction is designed to allow adjustment between or 
among parts to accommodate different physiologies 
of users and different modes of use and different 
tasks for which the assembled knife may be used. 
The handles provided for the modular knife are of 
improved shape that reduces unwanted areas of 
pressure concentration on the gripping hand while at 
the same time providing as firm a grip as possible 
for a given gripping force. A method of selecting the 
proper handle size is provided. 
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Field 

This invention relates to hand held power- 
driven rotary knives, to an improved handle and a 
method of determining handle size. 

Prior Art 

Hand held power-driven rotary knives are 
known and find particular application in the meat 
processing industry. Various constructions that uti- 
lize annular blades supported for rotation in annular 
housings at an end of a handle are shown in such 
U.S. Patents as Nos. 4,439,924; 4,492,027; 
4,509,261; 4,516,323; 4,590,676; 4,637,140; 
4,854,046; and 4,894,91 5. These constructions pro- 
vide a one-piece handle and head, with a replace- 
able housing and blade and are of different sizes 
and constructions to facilitate different tasks. Some 
knives of this type are made with a plastic handle 
attached to a metal headpiece that supports the 
blade housing and some have a removable air 
motor drive that forms the handle. It is known to 
drive the blades with motors directly attached to a 
headpiece or supported remote from the hand held 
knife and connected through a rotary flexible cable 
to drive the blade. 

Summary of the Invention 

The present invention provides a set of stan- 
dardized components combinable to provide a 
modular power-driven knife having an annular ro- 
tary blade, the structure of which knife can be 
varied through choice of components to accom- 
modate different operators and different tasks. The 
components include plural elongated handles to 
accommodate different sized hands; plural head- 
pieces, each having a transmission for driving an 
annular rotary blade and identical means by which 
any of the handles are attachable in a first orienta- 
tion, and each differently constructed to support a 
replaceable blade housing of predetermined size 
and construction different from housings supported 
by other headpieces of the set, including a con- 
struction for angling the blade housing and blade 
relative to the extending handle; adjustable thumb 
supporting pieces for the handles; handle adapters 
to reposition the handles; pistol grip handles; drive 
cable casing connectors; and replaceable blade 
housings securable to the headpieces for support- 
ing replaceable rotary annular blades. Not only can 
many different constructions be assembled using 
many of the same basic parts, resulting in lower 
inventory and allowing the user to take advantage 
of the longer useful life of some components com- 
pared to others, but also the modular construction 
is designed to allow adjustment between or among 



parts to accommodate different physiologies of us- 
ers and different modes of use and different tasks 
for which the assembled knife may be used. 

The combination of handle shapes and sizes, 

s adjustable thumb support and adapters for orient- 
ing handles in different relationships to the head- 
piece and blade all work together to reduce oper- 
ator stress and fatigue. The ability to orient handles 
in different relationship to the blade accommodates 

70 use of the knife at different work stations and for 
different tasks with reduced stress as compared 
with a straight-handled knife, where for example, 
the work station or product is oriented horizontally 
to require excessive ulnar deviation between the 

/5 gripping hand and wrist with a straight-handled 
knife. It is recognized that ulnar deviation between 
the hand and wrist different from a neutral hand 
position that has an ulnar deviation of 1\ degrees, 
causes stress. The modular design allows the user 

20 to assemble different components as the user's 
task changes, and to adjust the components to the 
user's particular comfort, and thereby reduce 
stress that would otherwise be incurred with 
straight-handled conventional power-driven rotary 

25 knives of this type, all without requiring a complete 
complement of separate knives of various equiv- 
alent arrangements. 

Each of the plural headpieces accommodates a 
drive transmission for the knife blade and supports 

30 a particular type and size of housing for supporting 
a particular type of ring blade. Further, as to each 
different type of housing and blade construction, 
different sizes of blade housings and supported 
blades are provided for efficient operation for dif- 

35 ferent tasks. A headpiece is included that orients 
the blade housing and blade in a plane different 
from the plane provided by other headpieces and 
hence at a different angle with respect to the 
handle to reduce fatigue and stress and to improve 

40 comfort in certain operations. The preferred angled 
blade housing and blade lie in a plane tipped 
downward 15 degrees from the direction the 
straight handle extends, to eliminate 1 5 degrees of 
ulnar deviation between the gripping hand and wrist 

45 when the blade is used in a horizontal plane. 

Handles for the headpieces are provided in 
different sizes and for left and right hands. Three 
sizes have been found to be adequate for all prac- 
tical purposes. Each handle is attachable by an 

so identical connector to any one of the headpieces 
and is adjustable about its longitudinal axis. This 
adjustment can improve the position of the cutting 
blade relative to the material being cut while main- 
taining the operator's hand, wrist and forearm in as 

55 optimum a position as possible, thereby reducing 
the amount of deflection and extension of the oper- 
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ator's wrist during use. In addition to providing a 
working grip for the knife, the handles receive and 
attach a flexible drive cable to the headpiece. 

A thumbpiece separate from the headpiece 
and handle is provided and constructed with a base 
portion for support at the juncture between the two 
and a thumb-engaging portion extending angularly 
from the base portion and handle in a manner that 
provides an effective grip for control of the knife 
while also providing improved hand position that 
avoids so-called "lateral pinch" that occurs when 
the thumb and forefinger of the hand are too close 
together when a handle is gripped. The thumb 
piece is adjustable peripherally about the axis of 
the handle independently of the handle adjustment, 
thus allowing the operator to separately select both 
the handle adjustment and the thumb position, with 
relation to the cutting blade. The thumb piece can 
extend to either side for right or left hand use. 

The thumbpiece positions the operator's thumb 
laterally of the handle centerline, which provides 
greater leverage to be applied by the thumb to the 
blade. Through adjustment of the position of the 
thumbpiece, the leverage can be directed relative 
to the direction of cutting, whereas previously the 
leverage from the thumb could only be most effec- 
tively applied in the direction of the blade axis. 
That was a particular disadvantage where the knife 
was used to cut in a sidewise direction parallel to 
the plane of the blade, and resulted in the need for 
additional gripping force applied through the fin- 
gers and palm of the hand and accompanying 
fatigue. 

A handle adapter, also separate from the head- 
piece and handle, is provided, constructed with a 
base portion for support , at the juncture between 
the two in a similar manner to and in place of the 
thumb piece. The adapter supports any of the 
handles for the headpieces and orients the handles 
in a different direction and in a different position 
from handles directly attached to a headpiece. In 
the preferred construction, the adapter locates the 
handle across the axis of the orientation of direct 
attachment, providing a so-called Tee grip, and 
locates the handle above the plane of the head- 
piece. The adapter can be rotated about the axis of 
a directly attached handle, and a handle attached 
to the adapter is adjustable about its own longitudi- 
nal axis for comfort and to properly orient the 
operator's hand relative to his or her forearm to 
minimize fatigue and stress. 

A pistol grip handle is also provided, to replace 
the straight handle and is attached at the same 
place and in the same way, but has an upstanding, 
forwardly inclined grip extending from a tubular 
body that receives the cable drive for the blade. 



This allows an operator to grip the knife with the 
plane of his or her hand generally vertical in a 
natural and comfortable position. 

A separate drive cable support is provided for 

5 use when a handle adapter is used to support the 
otherwise directly attached handle that has been 
reoriented. The drive cable support is a tubular 
affair that is attached to the headpiece in place of 
and in the same manner, location and orientation 

10 as a handle that is directly attached to the head- 
piece. The purpose is to receive and attach a cable 
to the headpiece, which cable would otherwise be 
received in the handle. 

A conveniently insertable and removable cable 

15 casing connector is receivable in all of the handles 
and the drive cable support. It surrounds and at- 
taches to a casing on the driving end of a flexible 
motor driven cable, allowing the driving end to 
extend into and drive a transmission in the head- 

20 piece, and retains the cable in engagement with 
the transmission during operation. In the preferred 
embodiment, the transmission is a pinion that 
meshes with gear teeth of the driven ring blade 
and which directly receives the end of the drive 

25 cable. 

The handles of this invention are of improved 
shape that reduces unwanted areas of pressure 
concentration on the gripping hand while at the 
same time providing as firm a grip as possible for 

30 a given gripping force. In this way, stress and 
fatigue as well as overuse injury to the user is 
reduced, especially in repetitive operations. The 
handles are provided in multiple sizes, three in the 
preferred embodiment, to allow users with different 

35 size hands to obtain effective gripping and the full 
benefits of the improved shape and adjustable ori- 
entation provided by the present construction. The 
handles are constructed with an irregular cross 
sectional shape that has been found to reduce the 

40 amount of grip force required to prevent rotation of 
the handle within the hand during use, thereby 
reducing fatigue. 

More specifically, the handles are constructed 
so the circumferences or perimeter at longitudinally 

45 spaced locations along the portion to be gripped 
substantially correspond to the length of the hand 
at the location where each gripping finger contacts 
the handle. In that way, each finger can effectively 
apply gripping pressure to the handle with substan- 

50 tially equal effort and pressure. The lateral side 
surface of the handle bulges somewhat more than 
the medial side surface, because the lateral side 
surface is received in the palm of the gripping 
hand and with the bulge better fills the natural 

55 pocket of the palm. This distributes the pressure 
between the gripping hand and the handle across 
and along the palm. The medial side surface has a 
more defined longituding rib at the widest portion 
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of the handle, with flatter surfaces angled Inwardly 
toward top and bottom surface portions of the 
handle than the lateral side, and the bottom surface 
has a smaller radius than the top surface. These 
sharper, wider areas are located to substantially 
coincide with the joints of the gripping fingers for 
even pressure distribution between the handle and 
the gripping fingers. 

A range of major and minor cross sectional 
dimensions has been established for the handles 
and a length dimension range for the gripped por- 
tion of the handles has been determined, based on 
actual anthropometry measurements of hand 
length, palm breadth and cross corner length 
(which is the diagonal length along the palm that 
the tool handle extends when gripped) and also 
based on available published tables and data on 
hand length and palm breadth for men and women. 
The ranges determined have been divided into 
three size groups, yielding an increment of change 20 
from one size to the next. From the values of these 
ranges and groupings, three actual design sizes 
have been determined. 

It has been found that the mathematical prod- 
uct of the measured length of the hand and width 25 
of the palm of the hand to be fit can be used to 
satisfactorily determine which of the three sizes is 
most suitable for a hand having the two measured 
dimensions. The full range of such mathematical 
products expected from a population of anticipated 30 
users has been divided into three approximately 
equal groups so that each group corresponds to a 
different handle size. For convenience, the group- 
ings are displayed on a chart or are otherwise 
contained in a data base, and a selection of one of 35 
the three handle sizes designed can be made by 
measuring the hand to be fit, determining the prod- 
uct of hand length and palm width, finding the 
approximate same value in the groupings on the 
chart or in another form of data base, and selecting 40 
the handle size indicated by the data base as 
applicable to that grouping. 

In addition to the foregoing, the invention can 
be characterized as encompassing the following: 

(a) A set of standardized components combin- 45 
able to provide a modular power-driven knife 
having an annular rotary blade, the structure of 
which knife can be varied through choice of 
components to accommodate different operators 
and different tasks, said components comprising 50 
plural elongated handles to accommodate dif- 
ferent sized hands, plural headpieces each hav- 
ing a transmission for driving an annular rotary 
blade and identical means by which any of the 
handles are attachable in a first orientation and 55 
each differently constructed to support a re- 
placeable blade housing of predetermined size 
and construction different from housings sup- 



ported by other headpieces of the set, and re- 
placeable blade housings securable to the head- 
pieces for supporting replaceable rotary annular 
blades. 

5 (b) A knife having a power-driven annular rotary 
blade and including a blade housing, a head- 
piece and a handle, said handle having a non- 
circular external contour in cross section, and 
said headpiece comprising a body having a 
10 front end supporting the blade housing, a rear 
end removably securing the handle, a through 
passage opening through the front and rear 
' ends, and a transmission in said passage for 
driving said blade, said rear opening being 
»5 adapted to receive means for driving said trans- 
mission, and means securing the handle at one 
end to the headpiece for rotational adjustment 
relative thereto in predetermined fixed incre- 
ments about a central longitudinal axis of the 
passage. 

(c) A knife having a power-driven annular rotary 
blade and including an elongated handle having 
a longitudinal central axis and an annular blade 
housing a face of which defines a plane, said 
housing secured to said handle and having a 
central axis perpendicular to said plane and- 
located in a plane common to the longitudinal 
central axis, the plane of said housing being 
oriented relative to the longitudinal central axis 
so as to intersect the axis, and the central axis 
of the housing intersecting the longitudinal axis 
at an acute angle. 

(d) A thumb piece for a knife having a power- 
driven annular rotary blade carried by a housing 
that extends from a support that includes an 
elongated handle, said thumb piece including 
means for securing said thumb piece at one end 
thereof to the support, and an elongated con- 
cave thumb-engaging blade extending from said 
securing means in cantilever fashion in a rela- 
tionship thereto that establishes an acute angle 
between the thumb-engaging blade and the di- 
rection of elongation of the handle, when the 
thumb piece is secured to the support. 

(e) A handle adapter for a rotary knife having a 
power-driven annular blade, said adapter having 
means for attachment to a headpiece that sup- 
ports the blade, an arm extending from said 
means, and means at a distal end of the arm to 
attach an elongated handle. 

(f) A handle for a working element, said handle 
being generally elongated and adapted to be 
gripped in one hand, and having longitudinal 
portions including a first portion adjacent one 
end and adapted to be connected to the working 
element, a second portion adjacent an opposite 
end of the handle, and a third portion between 
the first and second portions, all three portions 
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adapted to be gripped, the first and second 
portions each being substantially circular in 
cross sectional contour and of smaller cross 
sectional area than the third portion, and arcuate 
longitudinal surface transitions between adjacent s 
first and third, and second and third, portions, 
said third portion having an upper surface con- 
structed to face and contact the palm of a 
gripping hand, a lower surface constructed to 
face and contact finger portions of a gripping 10 
hand, a side surface constructed to face and 
contact the palm adjacent the proximal ends of 
the fingers of a gripping hand, and a medial side 
surface constructed to face and contact the dis- 
tal ends of the fingers of a gripping hand, said 75 
third portion having a cross sectional shape that 
has an arcuate upper surface, an arcuate lower 
surface of smaller radius than the upper surface, 
and flat downwardly converging sides in part 
forming a lower half, and the longitudinal con- 20 
tour of said third portion being straight along a 
horizontal midplane and convexly curved along 
a vertical midplane. 

(g) A method of selecting the size of a handle to 

fit a hand where the handle comes in a limited 25 
number of predetermined sizes that vary in both 
length and circumference, the range of sizes 
being selected to fit hands of different overall 
length, palm breadth, palm length, and cross 
corner length, the steps comprising, measuring 30 
the overall length of the hand to be fit, measur- 
ing the width of the palm of the hand to be fit, 
determining the product of the two measure- 
ments, providing a data base in which each 
handle size is related to a range of indicia that 35 
represent the products of the two measurements 
and the range is based on measurements taken 
from populations having hand sizes typical of 
users of the handles, and finding an indicium in 
the data base that represents the closest prod- 40 
uct to that of the two measurements made of 
the hand to be fit and selecting the size in- 
dicated by that indicium. 

(h) A power driven rotary knife comprising a 
headpiece that supports a rotary annular cutting 45 
blade in a horizontal plane, an arm extending 
laterally and upwardly from the headpiece, lat- 
erally with respect to a vertical plane through 

the center of the annular blade and upwardly 
with respect to the horizontal plane, said arm 50 
terminating at a distal end in means for support- 
ing a handle by which the knife can be gripped 
for use, a handle secured to said means at the 
distal end of the arm and extending transversely 
with respect to said vertical plane, and means 55 
extending from the headpiece for securing a 
drive means to the knife for rotating the annular 
blade. 



(i) A power driven rotary knife comprising a 
headpiece that supports a rotary annular cutting 
blade in a horizontal plane, an elongated handle 
having a tubular portion extending generally 
horizontally from said headpiece rearwardly 
from the cutting blade and a hand grip portion 
extending upwardly from the tubular portion and 
inclined forwardly toward the annular cutting 
blade, and means in the tubular portion for sup- 
porting means to rotate the blade. 
G) A cable casing connector for a rotary knife 
having a tubular handle with an open end and 
an annular cutting blade driven by a rotary flexi- 
ble cable within a flexible casing that extends 
within the handle, said cable casing connector 
constructed to be received in said handle for 
limited axial and rotational movement relative to 
the handle, said cable casing connector being 
tubular and including means to receive a flexible 
drive cable in fixed axial relationship and ex- 
tending through front and rear ends, and a guide 
slot in an external surface of the cable casing 
connector, opening through the front end there- 
of, extending axially along the connector from 
the opening for less than the entire length of the 
connector then extending peripherally and then 
extending axially toward the front end and termi- 
nating short of the front end, said guide slot 
being adapted to receive a radially extending 
projection within the handle. 
Thus, objects of this invention are to provide a 
set of components combinable to provide a modu- 
lar power-driven knife, to provide power-driven 
knives with improved structural features, to provide 
an improved handle for a hand held implement, 
and to provide a method for determining the size of 
a handle that best fits the hand of a particular user. 

The above and other features of the invention 
will become better understood from the detailed 
description that follows, when considered in con- 
nection with the accompanying drawings. 

Brief Description of the Drawings 

Figure 1 is a top plan view of a modular power- 
driven knife constructed in accordance with the 
present invention; 

Figure 2 is a bottom plan view of the knife of 
Figure 1, showing a tubular rubber grip on the 
handle of the knife; 

Figure 3 is a longitudinal sectional view taken 
along the line 3-3 of Figure 1 ; 
Figure 4 is a diagrammatic side elevational view 
of a handle of the type shown in Figure 3, 
showing the contour; 

Figure 5 is a view of the top surface of the 
handle shown in Figure 4, illustrating the side 
contours; 
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Figure 6 is an end elevational view of the handle 
of Figure 5, viewed from the left hand side; 
Figure 7 is an end elevational view of the handle 
of Figure 4, viewed from the plane indicated by 
the line 7-7 of Figure 4; 5 
Figure 8 is a cross sectional view of the handle 
of Figure 4, taken along the line 8-8; 
Figure 9 is a cross sectional view of the handle 
of Figure 4, taken along the line 9-9; 
Figure 10 is a top bottom view of a modular 10 
headpiece embodying the invention; 
Figure 1 1 is a view, partially in longitudinal sec- 
tion and partially in elevation, of the headpiece 
of Figure 10, taken along the line 11-11; 
Figure 12 is a longitudinal sectional view, with »s 
parts broken away, similar to that of Figure 11, 
illustrating a further embodiment of a headpiece 
constructed in accordance with the present in- 
vention; 

Figure 13 is a longitudinal sectional view of a 20 
knife embodying the present invention, in which 
a blade housing and blade are tilted with respect 
to the axis of the knife handle; 
Figure 14 is a side elevational view, partly in 
section, of a thumb piece embodying the 2s 
present invention; 

Figure 15 is a top plan view of the thumb piece 
of Figure 14; 

Figure 16 is an elevational view of the thumb 
piece of Figure 14 looking from the right; 30 
Figure 17 is a top plan view of a modular knife, 
handle adaptor, and reoriented handle; 
Figure 18 is an end elevational view of the 
adaptor as viewed from the line 1 8-1 8 of Figure 
17; 35 
Figure 19 is a side elevational view of the han- 
dle adaptor as viewed from the plane indicated 
by the line 19-19; 

Figure 20 is a longitudinal sectional view of a 
drive cable support attachable to a headpiece; 40 
Figure 21 is a top elevational view of a cable 
casing connector constructed in accordance with 
the present invention; 

Figure 22 is a longitudinal sectional view taken 
along the line 22-22 of Figure 21 ; 45 
Figure 23 is a side elevational view of a handle 
connector for securing a handle to a headpiece; 
Figure 24 is an end elevational view of the hand 
connector of Figure 23, viewed from the plane of 
the line 24-24 of Figure 23; 50 
Figures 25-27 are bottom plan views of the knife 
of Figure 2, illustrating the manner in which the 
thumb piece and handle are assembled to a 
headpiece; 

Figures 27-32 are top plan views similar to Fig- 55 
ure 1, illustrating the manner in which the posi- 
tion of the handle relative to the headpiece can 
be adjusted; 



Figure 33 is a bottom plan view of a headpiece 
and pistol grip handle constructed in accordance 
with the present invention; 
Figure 34 is a side elevational view of the head- 
piece and handle of Figure 33; 
Figure 35 is an end elevational view of the 
handpiece of Figure 34, viewed from the left 
hand side; and, 

Figure 36 is a depiction of a handle size selec- 
tion chart. 

Best Mode for Carrying Out the Invention 

One preferred construction of a knife assem- 
bled from standardized, i.e., compatible, compo- 
nents is shown in Figures 1-3. The knife 50 is 
comprised of the following principal separable 
components: a headpiece 52, a handle 54, a blade 
housing 56, a blade 58, a thumb piece 60 and a 
cable casing connector 62. Other somewhat dif- 
ferently constructed headpieces 52A, 52B, 52C and 
associated blade housings and blades, as illus- 
trated by way of example in Figures 10-13 and 17, 
can be used in place of the headpiece 52 with the 
same other components. Also, as illustrated in Fig- 
ure 1 7, a handle adapter 64 can be substituted for 
the thumb piece 60 to support the same handle 54 
in a new position relative to any of the headpieces, 
transversely of and in a different plane from the 
original handle position. Alternatively, an entirely 
different pistol grip handle 66 (Figures 33-35) can 
be substituted for the original handle and thumb 
piece on any of the headpieces. As illustrated in 
Figures 17 and 20, when the adapter 64 is used to 
reposition the handle 54, a drive cable support tube 
68 is attached to the headpiece in the previous 
location of the handle 54 to receive the cable 
casing connector 62 that is otherwise received in 
the handle 54. The drive cable support and the 
cable casing connector locate and connect a drive 
cable 70 with respect to the headpiece in an iden- 
tical manner to that of the handle 54. 

Handles 54 of different sizes can be used with 
the same headpiece and other components to ac- 
commodate operators with different sized hands. In 
all instances, the handles, thumb piece and handle 
adapter are rotatably adjustable relative to the 
headpiece to permit an operator to achieve as 
comfortable hand and wrist position as possible for 
any particular task. 

The manner in which the principal components 
are constructed and connected to form a complete 
knife with a longitudinally extending handle is best 
shown in Figures 1-3. 

The headpiece 52 has a front end 72 with a 
partial cylindrical face 74 that locates and supports 
the ring blade housing 56, attached by two screws 
77, 78. In turn, the ring blade housing supports a 
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ring blade 58 in a groove 79 for relative rotation in 
a manner known in the art. The blade is outwardly 
flared and terminates at one axial end in a cutting 
edge 81 and has a ring gear portion 82 at the other 
axial end that is received in the groove and by 
which it is driven in rotation. 

A cylindrical boss 84 is at the rear end 85 of 
the headpiece and forms a shoulder 86. Axially 
extending grooves 88 are formed in a portion of the 
outside surface of the boss 84 to locate the thumb 
piece or handle adapter. Similar grooves 88a are 
better shown in Figure 10 in connection with the 
headpiece 52A. The grooves open through a flat 
end surface 90 of the boss and terminate short of 
the shoulder 86. 

A straight throughbore 92 circular in cross sec- 
tion extends from the rear end 85 to the front end 
72, opening through the surfaces 90 and 74. A 
pinion gear 94 in the throughbore adjacent the front 
end 72 is supported for rotation in a bearing 96 and 
has teeth 97 that mesh with the ring gear portion 
82 to drive the blade 80. A central passage 98 in 
the pinion body is square in cross section and 
slidably receives a square cross sectional end 99 
of the rotary drive cable 70. The throughbore 92 
has threads 102 adjacent the end surface 90 to 
receive a tubular connector insert 104 (shown in 
detail in Figures 23 and 24) that attaches the 
handle 54 to the headpiece. 

A finger guard 106, blade retaining yoke 107 
and grease cup 108 are supported by the head- 
piece. The finger guard and yoke are attached by 
screws 110, 111. The guard inhibits movement of 
an operators fingers into the blade. The manner in 
which the yoke removably retains the blade is 
shown in Figures 2 and 3 and in U.S. patent No. 
4,637,140. 

The handle 54 is hollow and open at both a 
front end 114 and a rear end 116 and has an 
irregular external contour both longitudinally and in 
cross section as illustrated in Figures 1 -9. The front 
end 114 is flat and annular in cross section and 
slightly larger in outside diameter than the flat end 
surface 90 of the boss 84, against which it abuts. 
The front end has internal splines 117 that termi- 
nate inwardly adjacent a flared locating surface 
118. The length of the splines is significantly less 
than the axial extent of the threads 102 internally of 
the boss 84. The splines and locating surface co- 
operate with the tubular insert 104, which is re- 
ceived in the front end of the handle. The rear end 
116 has an external flange 120 and the inside 
contour has an outwardly flared portion 122 at the 
rear opening and an adjacent and substantially 
longer cylindrical portion 124 inwardly thereof that 
supports the cable casing connector 62 in which 



the drive cable 70 is secured. The cable casing 
connector is removably retained by an inwardly 
extending pin 126. 

The construction of the tubular connector insert 

5 104 is best shown in Figures 3, 23 and 24. It is 
circular and annular in cross section and has, at 
one end a flared head 130, an adjacent intermedi- 
ate portion 131 with small splines 132, and termi- 
nates at its other end in a smaller diameter portion 

w 133 that has an external thread 134. It has a 
straight central passage 135 that is circular in cross 
section and of a sufficient diameter to receive the 
driving end of the drive cable 70. The axial length 
of the splines is substantially less than that of the 

?5 threaded portion. The connector insert not only 
serves to secure the handles 54, the pistol grip 66 
and the tubular drive cable support 68 to any of the 
headpieces, but it also permits a positive rotational 
adjustment of the handles relative to the headpiece 

20 and, hence, relative to the cutting blade of the 
knife. 

As best shown in Figures 3 and 23, when the 
handle 54 is in the position shown, firmly against 
the flat end surface 90 of the headpiece, the flared 

25 head 130 of the insert 104 is against the internal 
flared locating surface 118 of the handle, the 
splines 132 of the insert are engaged with the 
splines 117 of the handle and the threads 134 of 
the insert are engaged with the threads 102 of the 

30 headpiece. Rotation of the handle relative to the 
headpiece is prevented except by unscrewing the 
handle and insert from the headpiece and thus the 
orientation of the handle is maintained in use. Ad- 
justment of the orientation of the handle about its 

as central longitudinal axis A is illustrated in Figures 
28-32 and will be best understood in connection 
with the structure shown in Figures 3 and 23. 
Figure 32 shows a final desired orientation of the 
handle and is the orientation shown in Figures 1-3. 

40 To obtain that orientation from an original orienta- 
tion illustrated in Figure 28, the handle 54 is rotated 
to partially unscrew the threaded portion 133 a 
distance slightly greater than the length of the 
splines 117 of the handle, all the while pulling on 

45 the handle to keep the splines of the insert en- 
gaged. The handle is then turned further until it is 
in the corresponding position that it started in. This 
condition is illustrated in Figure 29. The handle is 
then pushed forward against the end surface 90 of 

so the headpiece, disengaging the splines of the han- 
dle and insert, and is then rotated relative to the 
insert and headpiece to the orientation desired, as 
illustrated in Figure 30. The handle is then pulled 
back axially to re-engage the splines, as illustrated 

55 in Figure 31, and then the handle and insert are 
rotated together to tighten the handle against the 
surface 90 of the headpiece, resulting in the de- 
sired adjusted position illustrated in Figure 32. Be- 
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cause there are a large number of small splines, it 
is possible to make small adjustments to the han- 
dle orientation and achieve the position desired. 

The construction of the thumb piece 60 is best 
shown in Figures 1, 3, 14-16 and 25-27. It is a 
unitary piece having a cylindrical ring-like base or 
mounting portion 138 from which a cupped blade 
140 extends at an acute angle B to the central axis 
of the base. The concave or cupped surface 141 of 
the blade that receives the operator's thumb is 
knurled. The cylindrical base has an axial dimen- 
sion equal to the axial distance between the shoul- 
der 86 and the front end 114 of the handle 54 so 
that when it is received over the boss 84 it is 
confined axially, as shown in Figure 3. The ring-like 
base has an axially extending spline or key 1 44 on 
the inside, diametrically opposite the location of the 
blade 140 and directly adjacent a rear end 146 of 
the base and extending only partially along the 
axial length of the base (approximately one-half the 
length in the embodiment shown). The key 144 is 
receivable in any one of several (for example, five) 
grooves 88 (or grooves 88a, Figure 10) in the outer 
surface of the boss 84 (or 84a, Figure 10). The 
peripherally spaced grooves permit the blade of 
the thumb piece to be located at different positions 
about the longitudinal axis of the handle and head- 
piece to accommodate different thumb positions. 
While not shown, additional grooves of the same 
construction but diametrically opposite those 
shown can be provided to allow the thumb piece to 
be moved to a location on the opposite side of the 
centerline of the knife for left handed use, or a 
separate headpiece with appropriately located 
grooves can be used with the same thumb piece, 
as where the construction of the headpiece lends 
itself best to use only in one hand or the other. The 
manner in which the thumb piece is assembled 
onto the headpiece and secured by the handle is 
illustrated in Figures 25-27 of the drawings. There- 
after, adjustment of the thumb piece is achieved by 
loosening the handle enough to move the front end 
114 away from the end surface 90 of the boss 84 a 
distance slightly greater than the axial length of the 
key 144. The thumb piece is then moved away 
from the shoulder 86 enough to slide the key out of 
the groove 88 it is in. The thumb piece is then 
rotated on the boss 84 to the desired position and 
moved axially forward against the shoulder 86, 
placing the key in a new slot, and the handle is 
tightened. 

The centerline of the blade portion of the 
thumb piece extends in an axial plane of the base 
and when the base is positioned to locate the 
thumb piece blade portion to one side of the cen- 
terline A of the assembled knife, the thumb piece 
comfortably receives the operator's thumb and en- 
hances the gripping of the handle and manipulation 



of the knife. In the preferred embodiment, the angle 
B is between 25 and 30 degrees, and most prefer- 
ably is about 27 degrees. This angle maintains the 
thumb enough outwardly of the index finger to 

5 avoid lateral pinch. 

The cable casing connector 62 (shown in detail 
in Figures 21 and 22) is a cylindrical tube with an 
inturned flange 148 at a front end and a flared skirt 
1 49 at the back end for receiving an end fitting 1 50 

w (Figure 3) of the casing of the flexible drive cable 
70. The fitting in part extends through the front end 
of the cable support and has a shoulder 152 that 
abuts the flange 148, limiting forward movement. A 
retaining ring 154 is secured to the fitting outside 

;s of the cable casing connector, in contact with the 
front end, to limit relative rearward movement. A 
nose portion 156 of the fitting extends into the 
tubular connector insert 104 and the cable drive 
end 99 extends through it and into the pinion gear 

20 94. A compression spring 158 acts between the 
nose portion and the tubular connector insert to 
urge the cable support rearwardly of the handle. 
The cylindrical exterior surface of the cable casing 
connector fits closely but slidably within the cylin- 

25 drical portion 124 of the inside of the handle 54. As 
shown in Figures 3, 21 and 22, a guide slot 160 is 
formed in the cylindrical tube that forms the cable 
casing connecter and the pin 126 extends into the 
slot. The slot starts with a groove 161 at the front 

30 end due to the greater wall thickness at the flange 
148, extends longitudinally, and then terminates in 
a hook portion 162. The length of the groove and 
the position of the pin are such that upon insertion 
of the cable casing connector into the handle 54 or 

35 any handle or dummy handle of the set of compo- 
nent parts, the spring 158 on the end fitting of the 
drive cable will be compressed enough when the 
pin reaches the rear end of the slot that it will 
remain compressed when the cable casing connec- 

40 tor is rotated to bring the pin into the hook portion 
and will move the cable casing connector rearwar- 
dly when the pin is aligned with a terminal portion 
163 of the slot and keep the cable casing connec- 
tor securely within the handle. 

45 The handle adapter 64 is shown in detail in 
Figures 17-19 and has a cylindrical ring-like base 
portion 166 with a spline or key 168 on the inside 
surface of essentially identical construction to that 
of the thumb piece and which allows rotational 

so adjustment of the adapter about the rearwardly 
extending boss of any of the headpieces. As shown 
in Figure 1 7, the adapter 64 is secured to the boss 
84a of the headpiece 52A. An integral arm 170 
extends from the base portion. As shown in Figures 

55 17 and 18, the arm curves forward, upward and 
laterally outward from the base, and as shown in 
Figure 19, the arm in side elevation extends in a 
straight line at an angle B1 from the central longitu- 
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dinal axis A1 of the base cylinder. Preferably the 
angle B1 is between 40 and 45 degrees, and in the 
preferred embodiment shown is 43 degrees. The 
arm terminates at its distal end in a handle mount- 
ing 172 that has a threaded bore 174 having a 
central axis A2 in a plane parallel to the plane of 
the headpiece 52A and at an angle B2 with a 
vertical plane VP perpendicular to the central axis 
A1, in the orientation of the drawings. Preferably 
the angle B2 is 15 degrees. The threaded bore 1 74 
receives the tubular adapter 104 to secure a handle 
54 in the same adjustable way as does the thread- 
ed boss 84 or 84A so as to allow rotation of the 
handle 54 about its longitudinal axis relative to the 
support. With the adapter 64, the knife can be 
gripped from above the blade, with the hand, wrist 
and forearm in a natural and comfortable position, 
especially suitable for drawing the blade toward the 
operator. 

When the adapter 64 is used, there is no need 
for a handle 54 to be attached to the boss 84a, and 
instead the tubular drive cable support 68 is at- 
tached to receive the cable casing connector to 
secure the drive cable 70 to the headpiece. The 
tubular drive cable support 68 is shown in detail in 
Figures 21 and 22. It is tubular, either cut out as at 
178, or solid walled, open at a front end 180 and a 
rear end 181. The front end is constructed with a 
flared inner surface 182, and the open front end 
and flared surface cooperate with the tubular con- 
nector insert 104 by which the drive cable support 
is secured to the boss 84A or the boss of any 
headpiece in the same manner as the handle 54. 
Rotational adjustment is of no significance for the 
drive cable support. The rear end 181 is con- 
structed to receive the cable casing connector 62 
in a similar manner to that of the handle 54, and a 
pin 183 extends inward to retain the cable casing 
connector. 

The pistol grip handle 66 is shown in detail in 
Figures 33-35 attached to a headpiece 52A, shown 
but with the blade housing and blade removed for 
ease of illustration. The pistol grip has a tubular 
body 185 constructed internally similarly to the 
handle 54 except that the inside cavity is essen- 
tially cylindrical rather than following an irregular 
outside contour as in the handle 54 and an inter- 
nally threaded boss (not shown) extends upward 
from the tubular body to receive a tubular connec- 
tor insert 104 for adjustably securing a hand grip 
186 to the tubular body. Hence, the pistol grip 
handle is secured to the headpiece by a tubular 
connector insert 104 for rotational adjustment about 
its longitudinal central axis A3 relative to the head- 
piece, and receives the cable support 62, in the 
same manner as the handles 54, and the hand grip 
186 is rotationally adjustable about its longitudinal 
axis relative to the tubular body 185 in the same 



manner. The upwardly extending (in the orientation 
of the drawings) hand grip 186 is aligned with the 
longitudinal axis A3 and is tilted forward at and 
angle B3. Preferably the angle is between 70 and 

s 80 degrees and in the embodiment shown is 75 
degrees. This grip allows an operator to grip the 
knife above the plane of the headpiece and with 
the plane of the palm of the hand substantially 
vertical in a comfortable and natural position, i.e., in 

70 a desired neutral state with an ulnar deviation of 
approximately 7£ degrees relative to the wrist, and 
is particularly useful when the knife is moved in a 
motion horizontally during a cutting or trimming 
operation, e.g., on a horizontally oriented product 

J5 surface. The details of the irregular shape of the 
handles 54 are shown in Figures 4-9 of the draw- 
ings. The shape has been constructed to provide 
effective gripping without undue pressure points or 
grip force that results in premature fatigue and 

20 injury from overuse and repetitive tasks. While the 
outside contour of the handles varies with the three 
sized utilized in the preferred embodiments, due to 
the need to maintain a certain minimum internal 
cross sectional diameter for the working parts, the 

25 difference is primarily between the minimum and 
maximum cross sectional dimensions and not the 
cross sectional shapes. For example, the handle 54 
shown in Figure 1 is of smaller size than the handle 
shown in Figure 5, accounting for a slight dif- 

30 ference in the magnitude of the side contour vari- 
ations. 

Figure 4 shows the external contour of a han- 
dle 54 in side elevation when oriented in substan- 
tially the recommended position of use, and Figure 

35 5 shows the external contour in top plan when so 
oriented. The longitudinal area intended to be 
gripped is indicated at G in Figures 4 and 5. Within 
that area there are three distinct longitudinal por- 
tions, a first portion G1 adjacent the front end 114, 

w a second portion G2 adjacent the rear end 116, 
and a third portion G3 between the two portions G1 
and G2. The first and second portions G1 and G2 
are substantially circular in external cross sectional 
contour and are of smaller cross sectional area 

45 than the third portion G3. As best shown in Figure 
4, there are concave arcuate longitudinal surface 
transitions TR1 and TR2 of different radii between 
the first and third and between the second and 
third portions, the radius of portion TR1 being 

so smaller than that of TR2, approximately half as 
great in the preferred embodiment. The external 
contour of upper and lower surfaces 190, 192, 
respectively, between the transitions is convex and 
also arcuate, with a radius greater than that of the 

55 transitions. 
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The contour of side surfaces as viewed from 
top plan is shown in Figure 5. The third portion G3 
is substantially straight on both a medial side sur- 
face 194 and a lateral side surface 196 between 
the transitions TR1 and TR2. 5 

The transverse contour as viewed in end eleva- 
tion from the front end 114 illustrating the shape of 
the first portion G1 is shown in Figure 7, the cross 
sectional contour of the third portion G3 is shown 
in Figure 8, and the cross sectional contour of the w 
second section G2 is shown in Figure 9. 

The upper surface 190 is constructed to face 
and contact the palm of a gripping hand, the lower 
surface 192 is constructed to face and contact 
finger portions of a gripping hand, the medial side 15 
surface 194 is constructed to face and contact the 
distal ends of the fingers of a gripping hand, and 
the lateral side surface 196 is constructed to face 
and contact the palm adjacent the proximal ends of 
the fingers of a gripping hand. As shown in Figure 20 
8, the third portion G3 is greater in height than 
width and the height and width are each greatest in 
planes P1 and P2 that are substantially mutually 
perpendicular and that pass through the central 
longitudinal axis A of the handle. 25 

With reference to Figure 8, it can be seen that 
the upper surface 190 has a contour in cross 
section that is formed essentially of two circular 
arcs CA1 and CA2 of slightly different radius, each 
on an opposite side of the plane P1, the arc CA2 30 
preferably having a radius about 12% greater than 
that of the arc CA1. The lower surface 192 has a 
contour in cross section that is formed essentially 
by a single circular arc of smaller radius than those 
of the arcs forming the upper surface, preferably 35 
about 70% of the length of the radius of the arc 
CA1 , and bisected by the plane P1 . 

A part 194a and 196a of each side surface 194, 
196 that extends between the horizontal plane P2 
and the lower arcuate surface 192 has a substan- 40 
tially straight contour in cross section and the two 
parts converge toward each other in a direction 
toward the bottom surface. The medial side surface 
194 between the plane P2 and the upper surface 
has a substantially straight contour in cross section 45 
adjacent the plane P2 and an arcuate contour adja- 
cent the upper surface, which forms a smooth 
transition. The lateral side surface 196 between the 
plane P2 and the upper surface has a substantially 
arcuate contour in cross section, i.e., a more ar- 50 
cuate contour in cross section than the correspond- 
ing medial surface. 

To improve the grip, the longitudinal portions 
G1, G2, G3 have circumferentially extending shal- 
low and closely spaces grooves 198 that are shor- 55 
ter in length than the circumference of the handle, 
being in the form of four longitudinally extending 



areas peripherally spaced and extending along the 
surface portions where the height and width of the 
handle are greatest. 

The above-described and illustrated handle 
shape affords a high degree of torque resistance 
when of proper size for the gripping hand and 
when properly gripped so that the appropriate han- 
dle surfaces contact the indicated portions of the 
gripping hand. As a result, gripping force can be 
reduced while still maintaining control of the knife. 
The grip is further enhanced by the use of a thin 
longitudinally ribbed rubber cover or sleeve 200 
illustrated somewhat schematically on the handle 
shown in Figure 2. The sleeve is the subject of a 
separate copending patent application Serial No. 
07/544,130, filed June 25, 1990, the disclosure of 
which is hereby incorporated herein by reference. 

An appropriate selection of one of the three 
sizes of the handles 54 can be made based upon 
two measurements of the user's hand: the overall 
length of the hand and the palm breadth in the area 
of the knuckles. The mathematical product of those 
two measurements is then related to a chart, a 
preferred embodiment of which is shown at 205 in 
Figure 36, to determine the handle size that will 
best fit the hand. The units of the product values 

207, which range on the depicted chart from 1 4 to 
29, are inches, and accordingly,. the hand measure- 
ments must be taken in inches. Size designations 

208, 209, 210 indicate the range of the product 
values 207 that correspond to each of the three 
sizes of available handles. Of course, more than 
three handle sizes could be provided for the same 
range of product values, in which case the range 
for each size would be smaller. The closest value 
207 on the chart to the mathematical product of the 
hand measurements is then related to the adjacent 
handle size designation 208, 209 or 210. Of course, 
the indicia on the chart need not specify the sizes 
as expressly as set forth; for example, the product 
values can be color grouped and handles of a size 
appropriate to the grouped values can be of the 
same color. In addition, the product values can be 
indicated graphically rather than numerically and in 
either case the information can be displayed and 
the size determined other than with a chart; for 
example, on a slide rule, or with a computer in 
which a data base relates values 207 to size 
ranges. 

Because different operations performed with 
power-driven rotary knives require blades of dif- 
ferent shape and diameter, and in some cases it is 
also desired to provide depth-of-cut gauges or 
guides for the blades, or steeling devices to realign 
the cutting edge of the blade at frequent intervals 
during use, various headpieces an supported blade 
housings and blades are needed. The present 
modular construction facilitates the use of the same 



10 

Copied from 09966884 on 01/04/2006 



19 



EP 0 482 351 A2 



20 



handles, thumb pieces, handle adapters, drive ca- 
ble supports, pistol grips and cable casing connec- 
tors with separate headpieces for blade housings 
and blades of the various constructions needed. By 
way of example, in addition to the headpiece 52 5 
shown and described in connection with the em- 
bodiment of Figures 1-3, the headpiece 52A of 
Figures 10 and 11, the headpiece 52B of Figure 12 
and the headpiece 52C of Figure 13 illustrate the 
way in which the present modular system provides 10 
a complete range of knives for the various tasks 
that are performed with rotary knives of this gen- 
eral type having annular cutting blades. 

The headpiece 52A supports a blade housing 
56a, a blade retainer 107a and a depth control 15 
gauge 210 at a front end 72a of the headpiece. It 
has the cylindrical boss 84a previously referred to 
at a rear end 85a and a throughbore 92a of similar 
construction to the throughbore 92, supporting a 
drive pinion 94a for a blade 58a and having internal 20 
threads 102a for securing a handle 54 and thumb 
piece 60 or handle adapter 64, or the handle 1 86 
or the drive cable support 68, in the manner de- 
scribed in connection with the knife 50. A unitary 
knife having substantially the same front end con- 25 
struction, blade housing, blade and the like as the 
headpiece 52A is shown in U.S. patent No. 
4,516,323, the disclosure of which is incorporated 
herein by reference. 

The headpiece 52B (Figure 12) supports a 30 
blade housing 56b and a blade steeling assembly 
212 at a front end 72b of the headpiece. It has a 
cylindrical boss 84b at a rear end 85b and a 
throughbore 92b of similar construction to the 
throughbore 92, supporting a drive pinion 94b for a 35 
blade 58b and having internal threads 102b for 
securing a handle 54 and thumb piece 60 or han- 
dle adapter 64, or the handle 186 or the drive cable 
support 68, in the manner described iri connection 
with the knife 50. A unitary knife having substan- 40 
tially the same front end construction, blade hous- 
ing, blade and the like as the headpiece 52B is 
shown in U.S. patent No. 4,854,046, the disclosure 
of which is incorporated herein by reference. 

A modular knife 50C is shown in Figure 13 46 
having a headpiece 52C that secures to a handle 
54 in the same way as the headpiece 52 of Figures 
1-3. The headpiece is similar to headpiece 52, but 
the front end 72c has a partial cylindrical face 74c 
that is analogous to the face 72 of the knife 50, but so 
the central axis of curvature A4 of the cylindrical 
face is at an acute angle B4 with respect to the 
longitudinal central axis Ac of the handle 54 and 
the throughbore 92C, rather than perpendicular. In 
the preferred embodiment, the angle B4 is 75 55 
degrees. The blade housing 56c is similar to the 
blade housing 56 but has a recess in the back, 
facing the cylindrical face 74c, that accommodates 



the pinion 94c, which is angularly related to the 
axis A4 of the housing 56c. The blade 58c is the 
same as the blade 58. The blade retaining yoke 
107c has a bend 214 so that a securing portion 
215 of the yoke can be attached to the headpiece 
in a plane parallel to the axis Ac and a blade 
contacting and retaining portion 216 can extend in 
a plane parallel to the plane of the annular housing 
and blade. A somewhat more preferable alternate 
construction uses a straight retaining yoke that is 
forked at the back and received in recessed or 
undercut headpiece areas on opposite sides of the 
headpiece, allowing the yoke to straddle the pinion 
and lie in a plan parallel with the blade housing. 
The pinion 94c has gear teeth 218 the roots and 
crests of which are inclined with respect to the 
central rotational axis of the pinion so that the teeth 
have a constant height, but the diameter of the 
gear increases from a rear surface 220 to a front 
surface 221. As a result, the teeth properly mesh 
with the inclined ring gear portion 82c, which is of 
a construction to also mesh with the pinion 94 
when the housing and blade are secured in the 
orientation of Figures 1-3. For purposes of illustra- 
tion, no grease cup as shown in Figures 1-3 has 
been shown, but is typically used. 

The angular orientation of the blade provided 
by the headpiece 52C, relative to the handle axis, 
allows the plane of the blade to be substantially 
horizontal while the handle accommodates a more 
natural hand angle relative to the wrist and forearm, 
reducing the strain imposed by a blade in a hori- 
zontal plane parallel to the handle axis. Thus, for 
tasks where the blade 58c is typically used in a 
generally horizontal orientation or below, this ar- 
rangement is preferable. The same is true if the 
knife is held transversely of the operator's body to 
work on a product that is generally upright, be- 
cause the angularly related handle allows the grip- 
ping hand to be at a more natural angle to the wrist 
and forearm. 

While the invention has been described with 
particularity with respect to preferred constructions, 
it will be apparent that various modifications and 
alterations can be made therein without departing 
from the spirit and scope of the invention as set 
forth in the appended claims. In particular, it will be 
apparent that many of the constructional features 
and the advantages thereof are applicable to knives 
that are not modular in construction, but which may 
nevertheless incorporate one or more of such fea- 
tures. It will also be apparent that the improved 
handle construction, while specifically advanta- 
geous for power-driven rotary knives, will also find 
useful application for tools or implements others 
than power-driven rotary knives and need not be 
angularly adjustable relative to a blade or other 
implement to achieve advantages inherent in the 
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handle shape. In particular, the improved handle 
construction will find usefulness for fixed blade 
knives as used in the meat processing industry and 
other industries. 

Claims 

1. A knife having a power-driven annular rotary 
blade, an annular blade housing having a 
planar face from which the annular blade ex- 
tends, a headpiece having a front end that 
supports the blade housing, an elongated han- 
dle extending from a rear end of the head- 
piece, a transmission for driving an annular 
blade supported by the blade housing, and a 
thumb support located forward of said handle, 
characterized in that said thumb support has 
an elongated thumb-engaging surface with the 
direction of elongation oriented at an acute 
angle relative to the direction of handle elonga- 
tion and relative to the plane of said planar 
face of the annular blade housing. 

2. A knife as set forth in claim 1 wherein the 
direction of elongation of the thumb-engaging 
surface is oriented at an acute angle relative to 
an imaginary plane that extends in the direc- 
tion of handle elongation and perpendicular to 
the planar face of the blade housing. 

3. A knife as set forth in claim 1 or 2 wherein said 
handle has a non-circular external contour in 
cross section. 

4. A knife as set forth in any preceding claim 
wherein said blade housing, handle and thumb 
support are separable from the headpiece. 

5. A knife as set forth in any preceding claim 
wherein the thumb support is secured to the 
knife for rotational adjustment relative to the 
headpiece and handle about the direction of 
handle elongation. 

6. A knife as set forth in any preceding claim 
characterized in that the headpiece has a cy- 
lindrical boss at the rear end and recesses 
spaced peripherally about a portion of the 
boss, and the thumb support has a ring portion 
encircling the boss and a projection selectively 
engageable with said recesses for securing the 
thumb support in different angular positions 
relative to the headpiece. 

7. A knife as set forth in any preceding claim 
wherein said handle is adjustable about the 
direction of handle elongation. 



8. A knife as set forth in claim 7 further character- 
ized in that one of said handle and headpiece 
has a splined portion adjacent to the other, and 
a tubular member is attached by a threaded 

s portion to the other of the handle or headpiece, 

said tubular member having a splined portion 
receivable in the splined portion of the handle 
or headpiece and a head portion receivable in 
the one of the handle and headpiece that has 

70 the splined portion for retaining the one in 
which it is received on the tubular member 
when the tubular member is attached to the 
other, said threaded portion being longer ax- 
ially than the splined portions, whereby the 

75 handle is secured to the headpiece for rota- 

tional adjustment relative thereto in predeter- 
mined fixed increments about a central longitu- 
dinal axis of the handle. 

20 9. A knife as set forth in any preceding claim 
wherein said handle is tubular with openings at 
a front end adjacent said headpiece and at a 
rear end remote therefrom, and further char- 
acterized by a cable casing connector received 

25 in said handle for limited axial and rotational 

movement relative to the handle, said cable 
casing connector being tubular and including 
means to receive a flexible drive shaft in fixed 
axial relationship and extending through front 

30 and rear ends, and a guide slot in an external 

surface of the cable casing connector, opening 
through the front end thereof, extending axially 
along the connector from the opening for less 
than the entire length of the connector then 

35 extending peripherally and then extending ax- 

ially toward the front end and terminating short 
of the front end, and a radially extending pro- 
jection within the handle, receivable in said 
slot, and means within said handle for biasing 

40 the cable casing connector in a direction to- 
ward the rear end of the handle. 

10. A knife as set forth in any of the preceding 
claims in which the handle has longitudinal 

45 portions including a first portion adjacent one 

end and adapted to be connected to the blade 
housing, a second portion adjacent an opposite 
end of the handle, and a third portion between 
the first and second portions, all three portions 

so adapted to be gripped, the first and second 

portions each being substantially circular in 
cross sectional contour and of smaller cross 
sectional area than the third portion, said han- 
dle characterized by arcuate longitudinal sur- 

55 face transitions between adjacent first and 

third, and second and third, portions, said third 
portion having an upper surface constructed to 
face and contact the palm of a gripping hand, 



Copied from 09966884 on 01/04/2006 



23 



EP 0 482 351 A2 



24 



a lower surface constructed to face and con- 
tact finger portions of a gripping hand, a lateral 
side surface constructed to face and contact 
the palm adjacent the proximal ends of the 
fingers of a gripping hand, and a medial side 5 
surface constructed to face and contact the 
distal ends of the fingers of a gripping hand, 
said third portion having a cross sectional 
shape that has an arcuate upper surface, an 
arcuate lower surface of smaller radius than jo 
the upper surface, and flat downwardly con- 
verging sides in part forming a lower half, and 
the longitudinal contour of said third portion 
being straight along a horizontal midplane and 
convexly curved along a vertical midplane. js 

11. A knife as set forth in claim 10 wherein said 
third portion is higher than it is wide and the 
height and width are each greatest in planes 

that are substantially mutually perpendicular 20 
and that pass through a central longitudinal 
axis of the handle, the upper surface having a 
contour in cross section formed essentially of 
two circular arcs of different radius each on an 
opposite side of one of said planes, the lower 25 
surface having a contour in cross section 
formed essentially by a single circular arc of 
smaller radius than those of the arcs forming 
the upper surface, the part of each side sur- 
face extending between a longitudinal plane at 30 
the location of greatest width and the lower 
surface having a substantially straight contour 
in cross section and converging toward the 
other in a direction toward the lower surface, 
the lateral side surface between the plane of 35 
greatest width and the upper surface having a 
substantially arcuate contour in cross section, 
and the medial side surface between the plane 
of greatest width and the upper surface having 
a substantially straight contour in cross section 40 
adjacent the plane of greatest width and an 
arcuate contour adjacent the upper surface. 

12. A knife as set forth in any preceding claim 
wherein the planar face of the blade housing 45 
lies in a plane that intersects the direction of 
elongation of the handle at an angle other than 

90 degrees. 

13. A knife as set forth in claim 6 characterized by 50 
a handle adapter receivable on said cylindrical 
boss in place of the thumb support, said 
adapter having a ring portion for encircling said 
boss and a projection selectively engageable 

with said recess for securing the adapter in 55 
different angular positions relative to the head- 
piece, said adapter including a connection for 



a handle, said connection providing angular 
adjustment of the handle relative to the adapt- 



14. A set of standardized components character- 
ized in that the components are combinable to 
provide a modular power-driven knife having 
an annular rotary blade, the structure of which 
knife can be varied through choice of compo- 
nents to accommodate different operators and 
different tasks, said components comprising 
plural elongated handles of different sizes to 
accommodate different sized hands, plural 
headpieces each having a transmission for 
driving an annular rotary blade and identical 
means by which any of the handles are attach- 
able to any of the headpieces in a first orienta- 
tion and each differently constructed to support 
a replaceable blade housing of predetermined 
size and construction different from housings 
supported by other headpieces of the set, and 
replaceable blade housings securable to the 
headpieces for supporting replaceable rotary 
annular blades. 

15. A set of components as set forth in claim 14 
further characterized by a thumb support 
securable to said headpieces, said thumb sup- 
port having an elongated concave thumb-en- 
gaging surface oriented to extend from a head- 
piece. 

16. A set of components as set forth in claim 14 
further characterized by a thumb support and a 
handle adapter each having similar means for 
attachment to headpieces of the set and 
wherein said headpieces have means for sup- 
porting the thumb support or in place thereof 
the handle adapter, and wherein the handle 
adapter has means for securing any one of the 
plural handles of the set in a second orienta- 
tion transversely of the first orientation. 

17. A set of components as set forth in any of 
claims 14-17, further characterized in that at 
least one of said headpieces comprises a body 
having a front end for supporting a blade hous- 
ing and a rear end for removably securing an 
elongated handle along a central longitudinal 
axis, said front end including a cylindrically 
arcuate concave surface having a central axis 
of curvature in a plane common to said central 
longitudinal axis and forming an acute angle 
therewith. 

18. A set of components as set forth in claim 15 or 
16 further characterized in that each of said 
headpieces comprising a body having a front 
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end for supporting a blade housing and a rear 
end for attachment to an elongated handle 
along a central longitudinal axis, said body 
having a cylindrical boss at the rear end and 
recesses spaced peripherally about a portion 5 
of the boss, said thumb support having secur- 
ing means for encircling said boss and means 
selectively engageable with said recesses for 
preventing relative rotation of said thumb sup- 
port and headpiece. 10 

19. A set of components as set forth in any of 
claims 14-18 wherein at least one of said han- 
dles is generally elongated and adapted to be 
gripped in one hand, and has longitudinal por- 75 
tions including a first portion adjacent one end 

and adapted to be connected to the blade 
housings, a second portion adjacent an op- 
posite end of the handle, and a third portion 
between the first and second portions, all three 20 
portions adapted to be gripped, and the first 
and second portions each being substantially 
circular in cross sectional contour and of small- 
er cross sectional area than the third portion, 
said handle characterized by arcuate longitudi- 25 
nal surface transitions between adjacent first 
and third, and second and third, portions, said 
third portion having an upper surface con- 
structed to face and contact the palm of a 
gripping hand, a lower surface constructed to 30 
face and contact finger portions of a gripping 
hand, a lateral side surface constructed to face 
and contact the palm adjacent the proximal 
ends of the fingers of a gripping hand, and a 
medial side surface constructed to face and 35 
contact the distal ends of the fingers of a 
gripping hand, said third portion having a cross 
sectional shape that has an arcuate upper sur- 
face, an arcuate lower surface of smaller radius 
than the upper surface, and flat downwardly 40 
converging sides in part forming a lower half, 
and the longitudinal contour of said third por- 
tion being straight along a horizontal midplane 
and convexly curved along a vertical midplane. 

45 

20. A set of components as set forth in claim 19 
further characterized in that said third portion 
is higher than it is wide and the height and 
width are each greatest in planes that are 
substantially mutually perpendicular and that 50 
pass through a central longitudinal axis of the 
handle, the upper surface has a contour in 
cross section formed essentially of two circular 
arcs of different radius each on an opposite 

side of one of said planes, the lower surface 55 
has a contour in cross section formed essen- 
tially by a single circular arc of smaller radius 
than those of the arcs forming the upper sur- 



face, the part of each side surface extending 
between a longitudinal plane at the location of 
greatest width and the lower surface has a 
substantially straight contour in cross section 
and converges toward the other in a direction 
toward the lower surface, the lateral side sur- 
face between the plane of greatest width and 
the upper surface has a substantially arcuate 
contour in cross section, and the medial side 
surface between the plane of greatest width 
and the upper surface has a substantially 
straight contour in cross section adjacent the 
plane of greatest width and an arcuate contour 
adjacent the upper surface. 

21. A knife having a power-driven annular rotary 
blade and including a blade housing, a head- 
piece containing a drive transmission for the 
blade, and a handle, said headpiece having a 
front end supporting the blade housing, and 
wherein a face of said annular blade housing 
defines a plane, the housing has a central axis 
perpendicular to said plane and located in a 
plane common to the longitudinal central axis, 
characterized in that the plane of said housing 
is oriented relative to the longitudinal central 
axis so as to intersect the axis, and the central 
axis of the housing intersects the longitudinal 
axis at an angle other than 90 * . 

22. A power-driven rotary knife comprising a han- 
dle, a blade housing extending from one end 
of the handle and an annular blade supported 
for rotation by the housing, said handle being 
generally elongated and adapted to be gripped 
in one hand, and having longitudinal portions 
including a first portion adjacent one end and 
adapted to be connected to the blade housing, 
a second portion adjacent an opposite end of 
the handle, and a third portion between the 
first and second portions, all three portions 
adapted to be gripped, the first and second 
portions each being substantially circular in 
cross sectional contour and of smaller cross 
sectional area than the third portion, said han- 
dle characterized by arcuate longitudinal sur- 
face transitions between adjacent first and 
third, and second and third, portions, said third 
portion having an upper surface constructed to 
face and contact the palm of a gripping hand, 
a lower surface constructed to face and con- 
tact finger portions of a gripping hand, a lateral 
side surface constructed to face and contact 
the palm adjacent the proximal ends of the 
fingers of a gripping hand, and a medial side 
surface constructed to face and contact the 
distal ends of the fingers of a gripping hand, 
said third portion having a cross sectional 
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shape that has an arcuate upper surface, an 
arcuate lower surface of smaller radius than 
the upper surface, and flat downwardly con- 
verging sides in part forming a lower half, and 
the longitudinal contour of said third portion 
being straight along a horizontal midplane and 
convexly curved along a vertical midplane. 



5 



surements taken from populations having 
hand sizes typical of users of the handles, 
and finding an indicium in the data base 
that represents the closest product to that of 
the two measurements made of the hand to 
be fit and selecting the size indicated by 
that indicium. 



23. A handle for a working element, said handle 
being generally elongated and adapted to be w 
gripped in one hand, and having longitudinal 
portions including a first portion adjacent one 

end and adapted to be connected to the work- 
ing element, a second portion adjacent an op- 
posite end of the handle, and a third portion ;s 
between the first and second portions, all three 
portions adapted to be gripped, the first and 
second portions each being substantially cir- 
cular in cross sectional contour and of smaller 
cross sectional area than the third portion, said 20 
handle characterized by arcuate longitudinal 
surface transitions between adjacent first and 
third, and second and third, portions, said third 
portion having an upper surface constructed to 
face and contact the palm of a gripping hand, 25 
a lower surface constructed to face and con- 
tact finger portions of a gripping hand, a lateral 
side surface constructed to face and contact 
the palm adjacent the proximal ends of the 
fingers of a gripping hand, and a medial side 30 
surface constructed to face and contact the 
distal ends of the fingers of a gripping hand, 
said third portion having a cross sectional 
shape that has an arcuate upper surface, an 
arcuate lower surface of smaller radius than 35 
the upper surface, and flat downwardly con- 
verging sides in part forming a lower half, and 
the longitudinal contour of said third portion 
being straight along a horizontal midplane and 
convexly curved along a vertical midplane. 40 

24. A method of selecting the size of a handle to 
fit a hand where the handle comes in a limited 
number of predetermined sizes that vary in 
both length and circumference, the range of 45 
sizes being selected to fit hands of different 
overall length, palm breadth, palm length, and 
cross corner length, the steps comprising, 

(a) measuring the overall length of the hand 

to be fit, 50 

(b) measuring the width of the palm of the 
hand to be fit, 

(c) determining the product of the two mea- 
surements, 

(d) providing a data base in which each 55 
handle size is related to a range of indicia 

that represent the products of the two mea- 
surements and the range is based on mea- 



15 



Copied from 09966884 on 01/04/2006 



EP 0 482 351 A2 




EP 0 482 351 A2 




Copied from 099#6884 on 01/04/2006 



EP 0 482 351 A2 




Copied from 099dfc884 on 01/04/2006 



EP 0 482 351 A2 




EP 0 482 351 A2 




EP 0 482 351 A2 




Copied from 09986884 on 01/04/2006 



EP 0 482 351 A2 




Copied from 09966884 on 01/04/2006 



EP 0 482 351 A2 




Copied from 09916884 on 01/04/2006 



EP 0 482 351 A2 




Copied from 099615884 on 01/04/2006 



EP 0 482 351 A2 




Copied from 099^6884 on 01/04/2006 



EP 0 482 351 A2 




Copied from 099#6884 on 01/04/2006 



EP 0 482 351 A2 




Copied from 099??6884 on 01/04/2006 



EP 0 482 351 A2 




Copied horn 099??f)S t S ; on 01/0 I ?00(i 



EP 0 482 351 A2 




Copied from 099Cffe884 on 01/04/2006 



